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This study examined (1) the relationship between income inequality and mortality among all coun-
ties in the contiguous United States to ascertain whether the relationships found for states and met-
ropolitan areas extend to smaller geographic units and (2) the influence of minority racial concentra-
tion on the inequality–mortality linkage.

Methods. This county-level ecologic analysis used data from the Compressed Mortality Files and the
US Census. Weighted least squares regression models of age-, sex-, and race-adjusted county mortal-
ity rates were estimated to examine the additive and interactive effects of income inequality and mi-
nority racial concentration.

Results. Higher income inequality at the county level was significantly associated with higher total
mortality. Higher minority racial concentration also was significantly related to higher mortality and in-
teracted with income inequality.

Conclusions. The relationship between income inequality and mortality is robust for counties in the
United States. Minority concentration interacts with income inequality, resulting in higher mortality in
counties with low inequality and a high percentage of Blacks than in counties with high inequality and
a high percentage of Blacks. (Am J Public Health. 2002;92:99–104)
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vestment has negative consequences for the
health of poor and middle-class individuals.

Second, as Daly et al. note, “inequitable
income distribution may directly affect peo-
ple’s perceptions of their social environ-
ment, which may in turn have an impact on
their health.”7(p319) This postulated psycho-
social pathway linking health and mortality
stems from the conditions in highly inequi-
table communities that result in lower social
cohesion, inequities in social and political
influence, and less willingness to participate
in community activities.19 Further, Wilkin-
son20 argues that the impacts of inequality
result less from the experience of inferior
material conditions than from social mean-
ings that individuals give to their circum-
stances and from the effects of stress on
both the endocrine and the immune sys-
tems. While the exact pathways through
which income inequality influences mortal-
ity are still being defined, there is strong
agreement that the determinants of health
and mortality include factors beyond the
level of the individual.10,16,21–25

Patterns of underinvestment in infrastruc-
ture are especially likely to be observed in

areas with concentrations of minorities26–29

and a White power elite. There also is evi-
dence that Blacks live in areas with higher
levels of income inequality.27,30–33 Despite
their lower income levels, controlling for indi-
vidual income accounts for only about one
third of the greater mortality risk among
Blacks34 and controlling for health risk factors
explains only an additional 31% of the racial
differential in mortality.18

The residential segregation still experi-
enced by Blacks2,8 is a continual reminder of
their lower status. This may be especially true
for those in poor center-city neighborhoods
and in the small towns of the rural South. As
LaVeist9(p55) points out, “many middle-income
Blacks are forced to live in socioenvironmen-
tal conditions that—although superior to those
of low-income Blacks—are not consistent with
their economic status.” In addition, local
power structures are often based on eco-
nomic rather than political power, so the con-
trol over resources and decision making often
remains in the hands of a local economic
(usually White) elite.24,29,35

We extend prior research by examining in-
come inequality and mortality for the coun-

Higher levels of inequality have been associ-
ated with a variety of societal problems, in-
cluding higher mortality.1,2 Prior research has
examined the relationship between income
inequality and mortality for states and metro-
politan areas in the United States.1,3–5 This re-
search used different measures of income in-
equality and, with few exceptions,6,7 found
strong relationships between income inequal-
ity and mortality. High levels of inequality,
poverty, and mortality often are found in
areas that have high concentrations of minori-
ties, in particular Blacks.2,8 Despite this evi-
dence, few studies have examined the influ-
ence of minority racial concentration on the
relationship between inequality and mortality
(for exceptions, see LaVeist9 and Jackson et
al.10). In this study we addressed whether the
income inequality gradient in mortality ex-
tends to the county level and whether coun-
ties with high concentrations of Blacks have
higher mortality than counties with similar
levels of inequality but a low or no predomi-
nance of Blacks.

The disadvantaged position of Blacks in
US society is well documented. Blacks are
disproportionately found in lower-income
categories11 and have higher mortality. The
reasons suggested for higher mortality
among Blacks vary greatly12–15 but include
genetic variation, lifestyle and cultural differ-
ences, socioeconomic disadvantage, and the
social and psychological consequences of
discrimination.16–18

Research on the effect of income inequality
on mortality within nations offers 2 principal
pathways through which income inequality
operates. The negative consequences may be
exacerbated in communities with high con-
centrations of minorities. First, Daly et al.7

and Lynch et al.5 posit that political units with
highly unequal income distributions are less
likely to invest in affordable housing, educa-
tion, environmental protection, economic de-
velopment, and other resources required for
the health of their populations. This underin-
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ties of the contiguous United States. Most
earlier research used states or metropolitan
areas as the unit of analysis. We use county-
level data for 2 reasons. First, local (substate-
level) inequality is likely to produce the
largest variation in local infrastructure and
perceptions of relative status. Whereas neigh-
borhoods may be important in metropolitan
counties, nonmetropolitan residents are more
likely to view the county as an important
economic and social unit. The availability
and accessibility of health care and of educa-
tional, civic, cultural, job, environmental, and
recreational opportunities are largely deter-
mined at the local level and influenced by
local structures. The county is often the deci-
sion-making unit for providing and organiz-
ing local services. Moreover, recent research
on income inequality and morbidity reveals
stronger relationships at the county level
than among census tracts.36 Second, the
areas excluded from earlier studies (e.g., non-
metropolitan counties) have higher income
inequality, on average.37 Including all coun-
ties in the contiguous United States provides
a more representative picture of the full ex-
perience of Americans. 

METHODS

Data on mortality and population were ex-
tracted from the Compressed Mortality File
produced by the National Center for Health
Statistics. This file is a county-level database
that permits calculation of county-level total
mortality rates. These are 5-year averages
(1988–1992, centered on 1990) and are an-
nualized rates. The rates were adjusted by age
and sex, or by age, sex, and race, with the
1990 US population used as the standard. An
average of 5 years of data was used to in-
crease the stability of rates for counties with
smaller populations and fewer deaths. Even
when multiple years of data are used, the var-
iance in death rates generally is larger for
counties with smaller populations, indicating
the need to weight the analysis by using the
inverse of the variance of the county mortality
rates.5 Thus, we estimated county-level mod-
els by using weighted least squares regression.

A total mortality rate combines all resi-
dents in a county; each racial group thereby
contributes to the calculation of the county’s

total mortality rate through its proportion in
the population and through the race-specific
mortality rates. Thus, there are 2 approaches
to incorporating the effects of race in ecologic
models. The first is to control race by adding
to the multivariate model an independent
variable reflecting racial concentration. Racial
concentration was measured by the percent-
age of the county population that was Black
in 1990. We selected percentage that was
Black because it reflects the predominance of
the minority group in the county.10

The second approach is to standardize the
dependent variable for racial composition by
using age-, sex-, and race-adjusted total mor-
tality rates. In this case, the racial composition
of the US population is used as the standard
and the total county mortality rates are stan-
dardized, so that each county has the same
race, age, and sex composition.38 Race then
affects the overall mortality rate for the
county through differences in the race-specific
mortality rates or through other factors (e.g.,
underinvestment) associated with racial con-
centration. We used both approaches.

County-level data on household income in-
equality were obtained from the 1990 US
Census.39 We used the 90th:10th percentile
share ratio as our measure of income inequal-
ity, which is simply the ratio of the share of
household income held by the top 10% of
households divided by the share of household
income held by the bottom 10%.40,41 Census
data report numbers of households in particu-
lar income categories, so to calculate the
90:10 ratio, we assumed that households
were equally distributed within an income
category. We used county per capita income
as a measure of income levels in each county.
Median household size for each county also
was included. 

Using the results from the estimated mod-
els, we derived measures of excess mortality.
We determined excess mortality by dividing
the income inequality measure into quartiles
and using the quartiles as independent vari-
ables in the regression models. Because the
lowest inequality quartile is used as the refer-
ence group, the difference in mortality rates
between the lowest inequality quartile (Q1)
and the highest inequality quartile (Q4)—the
excess mortality due to highest inequality—is
the estimated coefficient for Q4.5

RESULTS

Age- and Sex-Adjusted Total Mortality
Descriptive statistics for the variables in the

model appear in the first column of Table 1.
The model of income inequality and mortal-
ity for 3067 counties in the contiguous
United States is shown as the base model,
model 1 of Table 1. 

All coefficients are statistically significant
in influencing age- and sex-adjusted mortal-
ity, and income inequality has a strong ef-
fect. There clearly is a gradient, such that
there are 108.5 more deaths per 100 000
people in a year in counties with the highest
income inequality than in those in the low-
est quartile. Higher per capita income is as-
sociated with lower mortality rates. A
$1000 increase in per capita income corre-
sponds to a decline of 9 deaths per 100 000
people. Figure 1 displays the joint distribu-
tion of age- and sex-adjusted mortality for
quartiles of income inequality and per ca-
pita income after adjustment for median
household size.

The combined effects of high income in-
equality and low per capita income result in
an age-adjusted mortality rate (988.5 per
100000) over 22% higher than in counties
where per capita income is high and inequal-
ity is low (807 per 100000)—a difference of
181 excess deaths per 100000 people. We
find a larger gradient across income inequal-
ity levels within per capita income category
than across per capita income levels within in-
come inequality levels.

Model 2 in Table 1 shows the results of
adding the percentage of Blacks to model 1.
This significantly increases the variance ex-
plained (R2 increases from 0.341 to 0.522),
and it reduces the coefficients for income in-
equality quartiles (the bivariate correlation of
percentage of Blacks and 90:10 ratio is 0.43).
When percentage of Blacks is added to model
2, excess mortality declines to 42 deaths per
100000, down from 109 deaths per 100000
in model 1. The coefficients for Q3 and Q4
(the 2 higher-inequality quartiles) are not sta-
tistically different, so the gradient extends only
through Q3. This suggests an interaction be-
tween levels of inequality and concentrations
of Blacks in the counties. Each percentage
point increase in the percentage of Blacks cor-
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responds with 3.8 additional deaths per
100000 people per year.

Model 3 includes interactions of the per-
centage of Blacks and the income inequality
quartiles. The coefficients for the main effects
are not statistically different from those in
model 2, but the interaction effects are statis-
tically significant. To aid in interpreting the in-
teraction effects, Figure 2 shows the plot of
estimated mortality based on the model coef-
ficients and selected levels of percentage of
Blacks. At a low percentage of Blacks, mortal-
ity is lowest and increases slightly from the
lowest inequality to the third quartile of in-
equality—consistent with a slight gradient of
mortality with increasing income inequality.
As the percentage of Blacks exceeds 15%, the
gap in mortality among inequality quartiles
grows. At the highest percentage of Blacks in
the data set (86%), the predicted mortality
rate is highest among persons living in coun-
ties in the second quartile of income inequal-
ity and lowest among those in counties in the
third quartile of inequality. Using percentage
of Blacks, however, does not separate the ef-
fects on the mortality rate of different racial
composition across counties from the other
effects that might be associated with minority
concentrations. 

Age-, Sex-, and Race-Adjusted Total
Mortality

To eliminate the effects of local variations
in racial composition in the calculation of the
dependent variable, we standardized the mor-
tality rate for age, sex, and race. The esti-
mated coefficients for the base model using
the age-, sex-, and race-adjusted total mortal-
ity rate are shown in Table 1, model 4. The
gradient of mortality with income inequality
reappears in this model, and the coefficients
are statistically larger for the inequality quar-
tiles in this model than in the base model
using the age- and sex-adjusted total mortality
rate (model 1). The largest increase is from
the lowest quartile (Q1 or reference group) to
the second quartile (Q2) of income inequality,
72 deaths per 100000. There are 130 ex-
cess deaths per 100000 due to high inequal-
ity in this model specification, compared with
108.5 per 100000 in model 1.

The reappearance of the gradient of mortal-
ity with income inequality in model 4 suggests
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FIGURE 1—Age- and sex-adjusted total mortality rates, by income inequality quartile and
per capita income, in 3067 counties in the contiguous United States.

Note. Estimated mortality rates are based on model 3 in Table 1.

FIGURE 2—Estimated age- and sex-adjusted mortality rates, by income inequality quartile
and percentage of Blacks, in 3067 counties in the contiguous United States.

that the reduction in the mortality–inequality
gradient when percentage of Blacks was
added in earlier models was due either to
race-specific differences in mortality rates or
to other factors related to minority concentra-
tion. Clearly, the reduction is not just a “racial
composition effect.”

Even when age-, sex-, and race-adjusted
total mortality is used, percentage of Blacks is
associated with higher mortality rates—each
percentage point increase in the Black popu-
lation increases mortality by 2.7 deaths per
100000 (model 5). As in the earlier model,

the income inequality gradient in mortality is
reduced, with the reduction occurring prima-
rily in the third and highest inequality quar-
tiles, again suggesting an interaction effect.
This model increases the explained variance
substantially (R2 increases from 0.233 to
0.335). 

Adding the percentage of Blacks by in-
equality quartile interaction terms (model 6
in Table 1) causes the main effects of inequal-
ity to return to a clear gradient, such that
higher inequality is associated with higher
mortality. The interaction terms suggest, how-

ever, that the influence of inequality declines
as the percentage of Blacks increases, and
that this is especially pronounced at higher
levels of inequality. This relationship is shown
in Figure 3, which is based on age-, sex-, and
race-adjusted mortality rates predicted from
model 6. 

Figure 3 shows a marked interaction be-
tween the percentage of Blacks and income
inequality levels. At the lowest levels of per-
centage of Blacks, the income inequality gra-
dient in mortality is as expected—counties
with the highest inequality have the highest
mortality rates. These lines tend to cross over
in counties in the middle range of the per-
centage of Blacks. Beyond a concentration of
about 25% Black, there is a divergence in
mortality rates, with counties in the 2 lowest
income inequality quartiles showing the high-
est mortality and counties in the 2 highest in-
come inequality quartiles having lower mor-
tality rates. At the extreme, counties with a
population that is 86% Black and with lowest
income inequality have the highest mortality
(1270 per 100000), followed closely by
counties with the second lowest inequality
(1226 per 100000). The estimated mortality
rates for the 2 highest income inequality
quartiles in the counties with high concentra-
tions of Blacks are more than 200 deaths per
100000 fewer than in the low-inequality
counties (1055 per 100000 and 1022 per
100000 for the third and highest inequality
counties, respectively).

DISCUSSION

The findings from our ecologic analysis of
counties in the contiguous United States show
that counties with higher income inequality
have higher mortality rates than counties with
low income inequality, consistent with studies
conducted using states or metropolitan areas.
This analysis extends prior studies by using
smaller political units (counties) and by in-
cluding counties in rural as well as urban
areas. Thus, the full range of income inequal-
ity and mortality found in the contiguous
United States is represented in the analysis. 

Our second contribution rests with the ex-
ploration of the association of concentrations
of Blacks in a county with income inequality
and total mortality rates. When levels of in-
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Note. Estimated mortality rates are based on model 6 in Table 1.

FIGURE 3—Estimated age-, sex-, and race-adjusted total mortality rates, by income
inequality quartile and percentage of Blacks, in 3067 counties in the contiguous United
States.

come inequality, per capita income, and
household size are controlled for, counties
with higher concentrations of Blacks have
higher mortality rates. These results do not
necessarily indicate that higher mortality in
counties with high concentrations of Blacks re-
sults from higher mortality among Blacks.
This is one possible explanation, supported by
individual-level studies showing that racial dif-
ferences in mortality can be partially attrib-
uted to variations in lifestyle, health, and cul-
tural and socioeconomic status between
Whites and Blacks. An alternative explanation
is that all residents in these areas have higher
mortality because they face poorer availability
of services or experience other stresses related
to living in an area with high concentrations of
minorities.9,10

Standardizing the county mortality rate for
the effects of racial composition provided a
more stringent test of whether concentrations
of Blacks are associated with mortality rates.
With adjustments to the dependent variable
for race, as well as for age and sex, the influ-
ence of minority concentration on mortality
rates operated through the race-specific mor-
tality rates or through the pathways of under-
investment in infrastructure. In addition, feel-
ings of relative deprivation exacerbated by a
county containing high concentrations of mi-
norities may have exerted an effect. When in-
come inequality and per capita income levels

are controlled for, a higher percentage of
Blacks in a county was associated with greater
mortality. 

Most interesting in this analysis, however,
was that adding the percentage of Blacks
eliminated the income inequality gradient in
mortality for the highest levels of inequality.
The interaction between percentage of Blacks
and income inequality that this result suggests
was substantiated in the analysis, indicating a
complex relationship between minority con-
centration, income inequality, and county-
level mortality rates. 

Including the interaction terms revealed
the income inequality gradient in mortality
for counties with no Blacks or a low percent-
age of Blacks—counties with higher income
inequality had higher mortality rates. The
pattern was reversed among counties with
relatively high minority concentrations; here,
counties with low levels of income inequality
had the highest mortality rates, while counties
with the highest levels of income inequality
had the lowest mortality rates. 

Counties with high concentrations of
Blacks and low income inequality may have
limited class distinctions and, most likely, low
income levels. While county per capita in-
come is controlled in the model, it may be in-
adequate to capture the historical underin-
vestment in services and infrastructure that
may have occurred in these counties.26,28,42,43

In addition, the control for per capita income
does not reflect the substantial differences in
wealth between Whites and Blacks.25 Differ-
ences in behavior and lifestyle undoubtedly
account for some of the elevated mortality in
counties with extremely high concentrations
of minorities. Because we used county-level
data and an ecologic analysis, we were un-
able to determine how individual mortality
risks are affected by incomes or by behav-
ioral and lifestyle factors, nor to determine
whether Blacks have higher mortality than
Whites. We were able to assess how county-
level attributes (e.g., per capita income, per-
centage of Blacks, income inequality) are as-
sociated with population-based, county-level
total mortality rates. 

The mechanisms that operate to explain
the lower mortality rates in counties with
high income inequality and high concentra-
tions of Blacks may reflect the historic loca-
tion of Blacks in rural counties of the South-
ern Black Belt.42 These counties may have
Black populations that are sufficiently large to
suggest the existence of a Black middle class,
which may provide a base for political ac-
countability and action35 and increased social
cohesion in the Black community. Both of
these have been associated with lower mor-
tality.9,44 Ethnic and racial enclave communi-
ties of sufficient size may help generate a
sense of community and self-sufficiency and
lessen feelings of relative deprivation.9,45 The
presence of a middle class or upper class also
may increase investment in infrastructure, as
suggested in theoretic models relating income
inequality and mortality. These explanations
of the pattern of interactions are speculative.
The level of income inequality within ethnic
enclave communities, the cultural, lifestyle,
and health risk behaviors in these communi-
ties, and their relationship with mortality have
not been examined. More intensive study of
particular types of communities (e.g., those
with high concentrations of minorities) would
contribute to explaining these relationships. 

These findings do not undermine the im-
portance of the linkage between income in-
equality and mortality at the ecologic level;
rather, they suggest a need for a better un-
derstanding of the pathways through which
income inequality and mortality are related.
Explaining how and why this occurs is critical
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to our understanding of the basic relationship
between the many dimensions of inequality
and mortality. Identifying the community-
level pathways through which income in-
equality influences mortality provides policy-
makers at local, state, and federal levels with
more explicit targets for policy intervention at
the community level, targets that may be
more politically feasible than the redistribu-
tion of income from the wealthy to the poor
and the middle class.
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